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[57] ABSTRACT

A switching circuit for energizing a load, such as fluo-
rescent lamp ballasts, in response to a control signal of
preselected frequency superimposed on AC power cir-
cuits which supply the load. A triac is gated to conduct
the AC power to the load by a circuit including an
impedance element and a series resonant LC network
tuned to the frequency of the control signal. The gate
circuit is arranged to block the control signal during all
but a small portion of each half cycle of the applied AC
power, thereby reducing the consumption of control
signal power. Further, a current limiting resistor is con-
nected between the series resonant network and the
triac to extend circuit life by protecting the triac from
excess current without adversely affecting the signal-
blocking function of the gate circuit.

8 Claims, 1 Drawing Figure
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FREQUENCY/SENSITIVE SWITCHING CIRCUIT

CROSS-REFERENCE TO RELATED PATENT
AND APPLICATION

U.S. Pat. No. 3,971,010 1ssued July 20, 1976 Robert C.
Foehn, “Ballasted Load Control System and Method”.
Application Ser. No. 912,606 filed June §, 1978, now
U.S. Pat. No. 4,169,259, 1ssued Sept. 25, 1979, Henry T.
Hidler and John L. Plumb, “Frequency Sensitive
Switching Circuit”, assigned the same as this invention.

BACKGROUND OF THE INVENTION

This invention relates generally to electrical control
circuits and, more particularly, to an improved fre-
quency sensitive switching circuit for controlling the
energization of loads such as ballasted fluorescent and
high intensity discharge lamps.

The above-referenced Foehn patent describes a load
control system particularly useful for selectively con-
trolling banks of ballasted lamps in a manner facilitating
the timplementation of energy conservation measures.
More specifically, the system permits the ballasted loads
to be selectively disconnected from a power circuit
without disturbing other loads connected to the circuit
and without substantial modification of existing wiring.
Control signals having respective preselected frequen-
cies are applied to the power circuit conductors at a
convenient location remotely of the loads. Frequency
sensitive switching circuits connect the loads to the
conductors, and these switching circuits are actuated in
response to the control signals to energize only the
desired loads.

Briefly, each of the frequency sensitive switching
circuits used in this system comprises a solid state
switching device, such as a triac, having first and sec-
ond main terminals and a control gate for controlling
the conductance between the terminals. The first main
terminal of the triac is connected to one of the AC
power circuit conductors which supply power to the
load, while the second main terminal is connected to
one side of the load, the other side of the load being
connected to the neutral conductor of the AC power
circuit. An impedance element, such as a resistor or a
parallel resonant circuit, is connected between the con-
trol gate and the first main terminal of the triac, and a

series resonant circuit adapted to pass the control signal
and block the operating power is connected between

the control gate and the neutral AC power conductor.

In the absence of a control signal having a frequency
at which the series resonant LC circuit is tuned, the gate
circuit will not be activated and the triac remains non-
conducting. Hence, if the load comprises one or more
ballasted fluorescent lamps, the section of light system
controlled by this triac switching circuit will remain
turned off. In order to energize this section of the light-
ing system, a remotely located frequency generator is
activated to superimpose on the power line conductors
a control signal having a frequency matching that to
which the above-mentioned LC resonant circuit is
tuned. Since the series resonant circuit will pass the
control signal, the full control signal appears across the
gate connected impedance element, causing the triac to
turn on and energize the load. In order to keep the triac
conducting and maintain energization of the load, the

gate circuit of this prior art frequency sensitive switch

must be continuously activated by the control signal.
Once the control signal is terminated, the triac will be
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turned off, and the load will be de-energized. Hence,
although the load control system of the aforementioned
Foehn patent represents a significant advance in the art
with respect to energy conservation, the advantages of
the system could be significantly enhanced if it was not
necessary to continuously consume signal power in
order to maintain load energization.

The aforementioned application Ser. No. 912,606,
Hidler and Plumb, provides an improved frequency
sensing switching circuit which significantly reduces
the consumption of control signal power in a compara-
tively simple and economical manner. More specifi-
cally, the switching circuit of the Foehn patent is modi-
fied as follows. The junction of the capacitor and induc-
tor of the series resonant circuit is connected directly to
the triac terminal which is coupled to the load. Further,
an additional series capacitor is connected between the
resonant circuit inductor and the neutral power circuit
conductor. The capacitance value of this additional
series capacitor is selected to block the operating power
and pass the control signal having a frequency matching
that at which the series resonant circuit is tuned. As a
result of this circuit modification, the transmitted con-
trol signal is developed across the gate impedance
means to actuate the triac into conduction at the end of
each half cycle of operating power. The resulting con-
duction of operating power through the switching de-
vice 1s then operative to effectively short out the capaci-
tor component of the series resonant circuit and thereby
cause the inductor component of the resonant circuit to
block the control signal for the remainder of the operat-
ing power half cycle. Hence, the control signal is
blocked during all but a small portion of each half cycle
of the applied AC power, thereby significantly reducing
the consumption of control signal power.

Although the above-described circuit of the Hidler
and Plumb application satisfactorily provides the de-
sired power conserving operation, the constant switch-
ing function involved can deteriorate the triac and, thus,
affect the operating life of the circuit.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to provide an improved frequency sensitive switching
circuit for controlling load energization.

It 1s a particular object of the invention to provide a
frequency sensitive switching circuit having an ex-
tended operating life, while significantly reducing the
consumption of control signal power.

These and other objects, advantages and features are
attained, in accordance with the principles of the pres-
ent invention, by modifying the described switching
circuit of the aforementioned Hidler and Plumb applica-
tion as follows. The junction of the capacitor and induc-
tor of the series resonant circuit is connected throuh a
current limiting resistor to the triac terminal which is
coupled to the load. The value of this resistor is selected
to be sufficiently high to provide effective limiting of
the current flowing in the gate of the triac, or other
switching device, when activated into conduction. At
the same time, the selected value of resistance is suffi-
ciently low to facilitate shorting out of the capacitor
component of the series resonant circuit. As a result, the

improved switching circuit, with current limiting resis-
tor, minimizes deterioration of the switching device and
thus, extends the operating life of the circuit.
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BRIEF DESCRIPTION OF THE DRAWING

This invention will be more fully described hereinaf-
ter in conjunction with the accompanying drawing, the
single FIGURE of which is a circuit diagram of a fre-
quency sensitive switching circuit according to the
invention.

DESCRIPTION OF PREFERRED EMBODIMENT

The aforementioned U.S. Pat. No. 3,971,010, Foehn,
is hereby incorporated herein by reference. As dis-
cussed above, this patent describes a load control sys-
tem including a plurality of control signal sources for
selectively imposing control signals of respective prese-
lected frequencies on AC power circuit conductors for
controlling the energization of a plurality of ballasted
loads such as fluorescent lights. At the interface be-
tween each of the loads to be selectively controlled and
the AC power line conductors is a frequency sensitive
switching circuit. The present invention describes an
improved frequency sensitive switching circuit that
may be directly substituted for each switching circuit of
the control system described in the Foehn patent.

In the Foehn patent, the overall control system is
illustrated in connection with a conventional three
phase, four wire power distribution system of the type
which is widely used in existing buildings. This system
includes phase conductors and a neutral conductor
which supply AC power to the building from an exter-
nal source, typically at a line frequency of 60 Hz and an
r.m.s. voltage of up to 600 volts between each of the
phase conductors and the neutral conductor. Within the
building, power is supplied to the various branch cir-
cuits by line conductors {(denoted in the patent as L1,
L2, L.3) and a neutral conductor (denoted in the patent
as N) connected to the main phase neutral conductors at
a distribution panel. The system further includes means
for applying control signals of predetermined frequency
to the conductors of the branch circuits. The specific
embodiment illustrated in the patent is a two-channel
system having respective control signal sources each
operating at a different frequency. Each control signal
source includes a frequency generator which operates
at a given frequency, preferably in the range of 30 to 70
KHz, although control signal frequencies as low as 20
KHz and as high as 90 KHz are contemplated.

Referring to the drawing, the frequency sensitive
switching circuit includes a bi-directional switching
device, such as a triac 10, having a first main terminal
connected to the circuit input terminal denoted L1, a
second main terminal connected to one side of the load
12, and a control gate for controlling conductivity be-
tween the terminals. The mput terminal L1 represents
circuit means connected to one of the 60 Hz AC line
conductors. A second circuit input terminal, denoted as
N, is connected to the other side of load 12 and repre-
sents means connected to the neutral conductor of 60
Hz power source. An impedance means, such as resistor
14, 1s connected between the control gate and the first
main terminal of triac 10, and a series resonant circuit 16
is coupled between the triac control gate and the neutral
conductor terminals N. Resonant circuit 16 is a series
[.C network comprising an inductor 18 and a capacitor
20, the capacitor being connected between one side of
the inductor and the control gate of triac 10. The values
of the LC components 18 and 20 are selected to provide
a circuit tuned to resonance at the frequency of a se-

lected one of the previously mentioned control signals
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which can be superimposed on the 60 Hz power line
conductors. The other side of the inductor 18 is coupled
to the neutral conductor terminal N through a capacitor
22 which has a capacitance value selected to block the
60 Hz operating power but pass the respective control
signal for which circuit 16 is tuned to resonance.

In accordance with the invention, the junction of the
resonant circuit capacitor 20 and inductor 18 is con-
nected through a current limiting resistor 28 to the
second main terminal of the triac 10 which is connected
to one stde of the load 12.

For purposes of discussion, load 12 will be considered
as a lamp ballast. Initially, it is assumed that the line
conductors, such as L1, are energized with 60 Hz
power, and that either there are no control signals supe-
rimposed on the line, or any control signals being gener-
ated are those having frequencies different from the
frequency at which resonant circuit 16 is tuned. Under
these conditions, resonant circuit 16 functions to block
the 60 Hz operating power, whereupon triac 10 will
remain turned off, and load 12 will remain deenergized.

If a control signal having a frequency corresponding
to the tuned resonance of the circuit 16 is applied to line
conductor L1, the series circuit 16 and capacitor 22 pass
the signal, and the full control signal appears across
resistor 14. As a result of the voltage developed on the
control gate circuit, triac 10 is caused to turn on and
provide full conduction of the 60 Hz operating power
to energize load 12. In addition, however, the conduct-
ing triac 10 also bypasses the control signal to the junc-
tion of inductor 18 and capacitor 20, thereby effectively
shorting out capacitor 20 so that circuit 16 no longer
resonates at the control signal frequency. Under these
conditions, inductor 18 functions as a high impedance to
block the control signal. In addition, as previously men-
tioned, the series capacitor 22 functions to block the 60
Hz operating power when the triac is conducting.
When the operating power, and hence the load current,
returns to zero at the end of every half cycle of 60 Hz
line current, the bypass action of the triac ceases,
whereupon capacitor 20 again resonates with inductor
18 at the control signal frequency to permit a voltage
build-up across resistor 14. Nearly the full control signal
voltage appears across resistor 14. This same voltage
appears between the triac control gate and the triac
electrode terminal connected to L1, thereby actuating
triac 10 1nto conduction to continue energization of load

12 and again short out capacitor 20 for the remainder of
the half cycle of line current.

In summary, the frequency sensitive switching circuit
accepts the control signal from the line conductor only
long enough to retrigger the triac at the beginning of
every half cycle of 60 Hz operating power applied

through the triac switch to the load 12. Stated another
way, the control signal 1s developed across resistor 14

and applied to the gate of triac 10 to actuate the same
into conduction at the end of each half cycle of operat-
ing power, and thereafter the conduction of 60 Hz oper-
ating power through the triac is operative to effectively
short out capacitor 18 to block the control signal for the
remainder of the 60 Hz operating power half cycle.
Hence, signal power 1s drawn from the line for only a
small fraction of the total time the signal is transmitted,
thereby reducing the consumption of control power to
a Tninimum. |

In accordance with the present invention, the value
of resistor 28 is selected to limit the current flowing in
the gate of triac 10 when the triac 1s actuated into con-
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duction at the end of each half cycle of operating
power. That is, resistor 28 limits current flow in the gate
when the triac switches on and capacitor 20 discharges
through resistor 14 and the gate of the triac 10. Al-
though the value of resistor 28 is selected to be suffi-
ciently high for providing effective current limiting,
this resistance value is also selected sufficiently low to
facilitate shorting out of capacitor 20. That 1s, the cur-
rent limiting resistance of component 28 is selected to
optimize the circuit impedance at signal frequencies
after turned on. The impedance of the frequency sensi-
tive switching circuits and loads (ballasts) should be
made a maximum to minimize the signal current that the
control signal source must deliver. Hence, resistor 28
protects the triac from excess current due to the dis-
charge of capacitor 20 when the triac is turned on, yet
the value of resistor 28 is selected (sufficiently low) to
minimize the effect on the shunting function of the
circuit and the resulting high impedance desired with
respect to signal current.

The selectivity of the frequency sensitive switching
circuit can be improved by connecting a parallel reso-
nant circuit between the triac control electrode and the
terminal of the triac connected to L1, in lieu of the
single resistor 14. This may be accomplished, as illus-
trated by dashed lines in the drawing, by connecting an
inductor 24 and a capacitor 26 in parallel across the
resistor 14. This parallel resonant circuit is tuned to
resonance at the desired control signal frequency, that
is, the same frequency at which the series resonant Cir-
cuit is tuned.

Assuming preselected values for inductor 18 and
capacitor 22, the illustrated switching circuit can be
made to operate at various control signal frequencies by
using various capacitance values for capacitor 20. The
required signal voltage levels are determined by the
choice of resistance for resistor 14.

Although the described circuit can be made using
component values in ranges suitable for each particular
application, as is well known in the art, the following
table lists components values and types for a frequency
sensitive switching circuit made in accordance with the
present invention. More specifically, the table below
provides a circuit for energizing arc lamp ballasts with
an operating voltage of 277 volts at 60 Hz in response to
a control signal of 10 volts at 30 KHz.

Trac 10 Teccor type Q6008L4

Resistor 14 68 ohms, { watt
Inductor 18 7-9 millihenries, Q@ = 30
Capactitor 20 0.0056 microfarad,

1200 volts DC
Capacitor 22 0.01 microfarad,

1200 voits DC
Resistor 28 390 ohms, } watt

A second implementation of the circuit for respond-
ing to a 55 KHz control signal comprises the same com-
ponent values given above with the exception of resis-
tor 14, which was a value of 180 ohms, }{ watt, and
capacitor 20, which has a value of 0.0012 microfarad,
1200 volts DC. ‘

If the above 55 KHz switching circuit is employed in
a network in parallel with the above 30 KHz switching
circuit, it can be desirable to select a higher value for
the resistor 28 in the 55 KHz circuit, e.g., a resistance
value of 2,200 ochms, whereby the impedance of the
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6

parallel pair of circuit will be optimized to maximize
energy conservation for the system.

In the specific embodiments described, the switching
circuit consumes signal power for only about 1/80th of
each half cycle period of the line current waveform, i.e.,
signal power is consumed after the waveform zero
crossing for a period of about 100 microseconds during
each half cycle period of about 8 milliseconds of the 60
Hz current being conducted through triac 10 to the load
12.

Although the invention has been described with re-
spect to specific embodiments, it will be appreciated
that modifications and changes may be made by those
skilled in the art without departing from the true spirit
and scope of the invention.

What I claim is:

1. A frequency sensitive switching circuit for control-
ling the energization of a load in response to a control
signal imposed on power circuit conductors carrying
operating power for the load, said control signal having
a first frequency and said operating power being alter-
nating current of a second frequency, said switching
circuit comprising:

a bidirectional switching device having first and sec-
ond main terminals and a control gate for control-
ling conductance between the terminals;

means for connecting the first main terminal of said
switching device to a first one of said power circuit
conductors, and means for connecting the second
main terminal of said switching device to one side
of said load;

an impedance means connected between the control
gate and the first main terminal of said switching
device;

a series resonant circuit tuned to pass the control
signal and block the operating power and compris-
ing a first capacitor means and an inductor means,
said first capacitor means being connected between
the control gate of said switching device and one
side of said inductor means;

a second capacitor means having one terminal con-
nected to a second side of said inductor means and
having a capacitance value selected to pass the
control signal and block the operating power; and

means for connecting a second terminal of said sec-
ond capacitor means to both a second side of said
load and a second one of said power circuit con-
ductors, whereby said impedance means, first ca-
pacitor means, inductor means and second capaci-
tor means are serially connected in that order
across said first and second power conductors;

said control signal being developed across said im-
pedance means and applied to the gate of said
switching device to activate the same into conduc-
tion at the end of each half cycle of operating
power, and the conduction of operating power
through said switching device being operative to
effectively short out said first capacitor means and
cause said first inductor means to block said control
signal for the remainder of the operating power
half cycle, thereby reducing the consumption of
control signal power;

wherein the improvement comprises a first resistor
connected between the second main terminal of
said switching device and the junction of said first
capacitor means and said inductor means, said first
resistor having a value selected sufficiently high to
limit the current flowing in the gate of said switch-
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ing device when said switching device is activated
into conduction and sufficiently low to facilitate
said shorting out of the first capacitor.

2. The circuit of claim 1 wherein said first frequency
is in the range of about 20 KHz to 90 KHz and said
series resonant circuit is tuned to resonance at said first
frequency.

3. The switching circuit of claim 2 wherein said first
frequency is in the range of 30 KHz to 70 KHz.
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4. The circuit of claim 3 wherein said second fre-
quency is about 60 Hz.

S. The circuit of claim 1 wherein said switching de-
vice is a triac,

6. The circuit of claim 1 wherein said impedance
means is a second resistor.

7. The circuit of claim 1 wherein said impedance
means comprises a parallel resonant circuit tuned to
resonance at said first frequency.

8. The circuit of claim 1 wherein said load comprises

a ballasted arc discharge lamp.
* & X% $ ¥
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